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SUMMARY 

OBJECTIVES 

1. 

2. 

3. 

4. 

Describe the mechanisms which could conceivably act  to biologically 
contaminate the Voyager entry vehicle during and after biobarrier 
opening. 

Evaluate each mechanism and rank in  order of importance. 

Estimate the degree of biological recontamination due to each mechanism 
and combine these to determine the amount of recontamination for each 
separation sequence. 

Draw conclusions and m a k e  recommendations relative to the design and 
operations which nr;ry reduce the recontamination probability. 

SULTS AND CONCLUSIONS 

1. The order of importance of the effects consideGed in  this report is as 
follows : 

I 

Evaporativk streaming 

Electrical forces a t  separation of biobarrier and lander 

Attitude control gas, particularly reflection from the inside of the 
biobarrier in conjunction with biobarrier removal 

Random walk of macroscopic particles carrying viable organisms 
over the spacecraft surface (due to spacecraft vibration) 

Meteoroid effects (kick-off) * 

Attitude control gas: turning of macroscopic particles around 
surface edges 

Orbit insertion and trim motor burning causing particles to move 
opposite to the main flow . .  

Pressurized gas in the biobarrier 

V 
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* 
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3. 

4. 

5. 

6 ,  

9 .  

b 

9. 

10. 

11. 

The study has shown that the requirement of no line-of-sight path from 
the lander to any unsterile part of the spacecraft should include, as 
well ,  that no reflections from thc biobarrier crbn result in  line-of-sight 
paths. This favors a biobarrier which opens and shields the lander 
from the bus. 

Atomic and molecular clouds of material evaporated from the surfaces 
of the lander are an important environmental factor in the assessment 
of the ability of macroscopic particles to attach to the lander. 

Electrical forces are most important as a recontamination mechanism 
during the early phases of separation of the biobarrier and of the lander. 

No electrical mechanism has been identified which acts to contaminate 
the lander during the period from after biobarrier separation until the 
lander begins to separate. 

Asymmetrical removal of the biobarrier and the simultaneous firing of 
an attitude control gas jet  (which the tip-off torque causes) is an impor- 
tant potential recontamination mechanism. 

Based on preliminary information, after the biobarrier is opened the 
turning ob macroscopic material in je t  plumes around surface edges. 
wil l  not occur after the flow moves about ten nozzle-exit diameters 
from the nozzle. 

Movement of material  over the surface of the spacecraft in which macro- 
scopic particles leave and return to the surface wil l  be influenced by the 
evaporative effect of surface materials with high vapor pressure or  high 
r a k e  of decomposition. 

T h e  effect of meteoroids is to reduce the number of viable organisms 
on the surface and to introduce some of them into the cloud of particles 
around the spacecraft. 

Most of the material in the boundary layer and a very small amount of 
material in  the free-stream flow of the orbit insertion and trim motors 
can move in the direction opposite to the main flow and impinge on the 
spacecraft. 
turn macroscopic 

resaurized gab 

Because ob the l o w  density of this flow i t  wil l  be unlikely to 
rticle8 around a surface to contact the lander. 

w i ~ ~ ~ n  the biobarrier can, at the moment of biobarrier 
amtion, be a poten a1 x e c o R t a ~ i ~ ~ o ~  mechanism. . 



’’ RECOMMENDATIONS 

1. No line-of-sight paths, including reflection from the steri le inner part 
of the biobarrier during its separation, should be allowed f rom any  
unsterile part of the bus to the lander. 

2. Further study of the effect of evaporative streaming from materials to 
inhibit attachment of macroscopic particles to the lander should be 
carried out. This should include an evaluation of the utility and prac- 
ticality of purposely introducing material on the lander o r  inside the 
biobarrier to enhance the streaming of atoms o r  molecules away from 
the lander. 

3. A study of the ability of jets in the space environment to turn macro- 
scopic particles around surface edges should be carried out to confirm 
the preliminary conclusion that this does not occur. 

4. A study of the flow of boundary layer material from the orbit  insertion 
and trim motors in a direction opposite to the main f low ehodd be 
conducted. 

5. 
‘ 

If pressurized gas within the biobarrier is a requirement i t  should be 
vented before separation of the biobarrier occurs. 

I 

6. A system analysis of the recontamination probability of each candidate 
separation sequence should be carried out after more definitive analysis 
has established the probability distribution of recontamination cauaed by 
each mechaniern within a sequence. 



CTIQN 1 

INTRODUCTION ' 

A constraint placed upon the design and operation of the Voyager mission requires 

that the probability of biological contamination of Mars be less than a very low value 

a s  the result of a single mission until a specified number of years have elapsed. 

"hie  report treats selected aspects of this general problem related to lander recontamination. 

Recontamination of the Voyager lander can occur in-flight during and after bio- 

bar r ie r  removal i~ the vicinity of Mar . The purpose of thie report is to describe 

analyze several of the possible mechanisms which can cause recontamination. 

aeh in terms of the eource of the viable material on OP 

e spacecraft and the way this material is moved to the lander. 

oceeda to evaluate the importance ob elected mechani 

terms of its importance is carried out in accordance with the 

Amlyrpis 

ranking of 

results of 
. .  

cmeral, reconkmi tion of the lander prior to the f i r s t  phaeee of biobarrier 

not included in this amlysir. For  example, recontamination of the 

puncture of the biobarricr is not considered here. A l s o  

burden of the Pt up to the point of separation of the bio- 

arrier i@ not directly studied--it is considered a a  an input to this etudy. Some 

n this question is, however, i cludad in Section 5 under 

imilarly, RO a%%ernpt ha8 been made to determi e the relative 

importance of pyrotechnics OR the lander recontamination problem. 

uring %he course of the work it was discovered a t  the effect of evaprat ion of 

pacecraft cod$  produce forces on 

itions could be 8s lar 

re  ere^; e.g. electrical od tion preseure forces. 

*. . . 1-1 



) Because of this, some of the effort of the study was diverted to include assess- 

merit of this effect and to include, i n  the Appendix, information which w a s  read- 

i ly  available to the author a s  the rcsult of work on other contracts a t  TEMPO, 
? 

Many of the mechanisms a r e  “analyzed to determine a reasonable upper l imit  

to the effect considered. Bccausc only limited data and theory a r e  available‘ 

to determine better evaluations of the importance of each effect, considerably 

more basic work is required, both theoretically and experimentally. 

The author wishes to acknowledge the assistance obtained from R. P. Wolfson, 

J. H. Chestek, and M. J. Concannon of the Pasadena Engineering Office, 

Advanced Planetary Programs, General Electric Company and from G. E. hgram 

PO. Michael Concamon contributed, in addition to consultation on design 

aspects of the problem, by preparation of the illustrations in  this report. 
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SECTION 2 

STATEMENT 0 THE PROBLEM 

a 

The central problem in a study of lander recontamination is to evaluate potential 

mechanisms which can cause viable organisms to move to the lander during and 

after biobarrier removal. Experimental evidence and data on the transport of 

material carrying these biological materials in the space environment is not 

available. It is only possible to approach the problem by use of simple physical 

concepts and intuition a t  the present time. An important part of the problem 

solution ie to provide a framework from which more accurate and definitive 

investigations can proceed, Some of tkerse additional studies a r e  described 

briefly in the recommendations. 5 

The problem has been limited to a selected se t  of mechanisms which, in the 

view ob the au or, a r e  the most important and a r e  subject to some kind of 
) 

onable upper-limit evaluation a t  the present time. 
4 

t 
Therefore, the mechanisms considered are not necessarily the only ones which 

can cause trahsport of material to  the lander. 
4 

The mechanisms considered 

orative streaming, electrical forcee, attitude control jet and motor 

burdng effects, motion of particles on the surface, meteoroid effects, and 

pressurized gas within the Biohrr ier .  Two effects have been purposely excluded 

eetigation: meteoroid puncture of the bfobarrier and the effect of 

pyrotechnics. The meteoroid problem i a  being studied under related efforts 

and pyrotechnics of an enclosed type can be used. 
-+ 

addition to evduati  each of the selected effects. an important part  of the 
F 

3 o develop, from a viewpoint, the combined evaluation of 
1 

’ ?  me for each c a n d i ~ a ~ e  separation Bequence, This part of the prob- 

lem ha5 only been examined in  a cur ory way becauee some of the effort on this 

2-1 



study was diverted to an investigation of evaporative effects. It i s  also felt 

that more refined quantitative estimates are required bcfore the rcsults can 

be probabilistically combined in a meaningful way to give the probability die- 

tribution of viable organisms on the lander. Related to this, of course, is 

the requirement for better knowledge of the biological burden on and in the 

spacecraft. 

cstudiee to aid in the approach to the problem from the eyetems point of view. 

1 

Thie information is being accumulated as the result of other 

. 

f 

. .  
. - -  

. .  
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SECTION 3 

CAPSULE SEPARATION S 

Three different separation sequences were conraidered to define the events and 

mechanisms which can cause transport of viable organisms to the lander (Ref. 1). 

1. 

2. 

3. 

Biobarrier separation prior to orbit injection (as  in  Task B) 

Biobarrier separation in Mars orbit  

Biobarrier opened in  Mar8 orbit, but remaining with spacecraft 

' IXe events that can cawe recontamination and occur as a result  of theee sequences 

are a%p bollowti. 

uence 1: 
t 
1 , 

Attitude control gas firing during and after separation of biobarrier 
z *  

ibration 

VC pressure squib firing 

rbit insertion motor burn when lander exposed 

Orbit trim motor burn when lander exposed (if required) 

Pitch and yaw turns with attendant firing of attitude control jets 

eployed and moved to preplamed position 

e control je t  ~i~~~~ (if tip-off torque sufficiently high) 

1 

3 -1  



1 
Sequence 2: 

Biobarrier thrusting (two burns may be required to lower probability of 
collision of biobarrier and bus) 

Attitude control jets firing (if biobarrier tip-off torque sufficiently high) 

Vibration 

Lander separation 

Attitude control jets firing (if lander tip-off torque sufficiently high) 

Sequence 3: 

Biobarrier opening 

Vibration 

Lander separation 

Attitude control jets firing (if lander tip-off torque sufficiently high) 

Sequence 3 appears to Rave less events a t  the level of detail considered above 

that can cause recontamination. 

from biobarrier removal to lander separation although this time can be made 

very short in  Sequence 2 as well. These sequences are illustrated in  Figures 

3-1. 3-2, and 3-3. 

In addition, i t  probably provides the least  time 

3-2 
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SECTION 4 

A T O M I C  AND M O L E C U L A R  C L O U D S  
AROUND S P A C E C R A F T  

Evaporation, decomposition, and outgassing of materiala of the spacecraft can 

cause a streaming of atoms and tnolecules away from the spacecraft. There is 
evidence from Gemini wake studies and the optical environment of spacecraft 

(Ref. 2) that such a cloud may exist. 

’ .  

4 . 1  E S T I M A T E S  O F  THE F O R C E  O N  A U C R O S C O P I C  
P A R T I C L E S  D U E  TO E V A P O R A T I V E  S T R E A M I N G  

The material in  the appendix serves a s  a starting point for the evaluation of the 

force on a particle near a surface due to collisions with atoms or molecules 

leaving the surface. 

The approximate value of the force on a macroscopic particle is given by 

F = pA (4-1) 

where 

p = equivalent pressure caused by the streaming particles 

A = projected a r e a  of particle 

Equation (8 -6)  in  the appendix provides the number density of these particles 

near a metallic 5urface of the? spacecraft. 

- 2  
The p r e ~ s u r e  (dynes ern ) may e found from 

V kT 

where 

4-1 



= number density of particles streaming from the erurface (cm -3 ) V 

- 16 oltzmann constant (1,38XiO crg/OK) 

T = temperature of surface (OK) 

The following table shows the ‘estimated force on a test particle 4 mils in r ad ius  

(A = 7.8X10 -6 2 cm ) over surfaces a t  several temperatures and consisting of 

several different materials. 

Table 4-1. Force on a small particle due to Evaporative streaming 

te rial  

A1 

A1 

A1 

cs 
B 

Mg 
Zn 

Phenolic ref rasil 

Surface 
Temperature 

to K) 

900 

600 

300 

300 

1000 

490 

300 

300 

F o ~ c e  on 4-mil particle 

dynes 

2. oxlo-$ 
-14 

-19 
1.3X10 

B.OXl0 

7. o X ~ O - ~  

2.2 

1, ~ X I O - ~  

6. ox lo  -12 

-12 
9,75X10 

-14 

- 20 

- 24 

-12 

4.5xIO 

2.9X10 

1.35X10 

1,SSXlO 

4,95X10-6 

3.38X10 

1.35X10 

2.2XlO 

-13 

-17 

-17 

. 

e electrical force (Ref.  3) within a few Debye lengths of the surface is expected 

For  some materials the ~ O P C ~  caused by stream- lbs. - .  e order of 10 

ing will  be of the same order  of magnitude or even higher than the electrical 

for C e 8 
0 

.< 

The effective range of this force is short because the density of particles drops 

rapidly due to geometric spreading. The principal effect of the force is to 

reduce the probability of par t ides  at ching to the lander i f  they are eimply drift- 

as s cloud around the vehicle. 

4-2 



The velocity imparted t c r  c\ 4 - t r i i 1  tcst particle over Cs due to this streaming 

effect is likely to be the largest which can reasonably be expected, This 

velocity is imparted to the particle while i t  is close to thc surface. 

mate this velocity, assume the density of evaporated particles i e  10 c m  at 

the surface and drops off with the inverse square of the distance from the center 

of the vehicle. i 8  

To csti- 
12 -3  

- 2  The vehicle equivalent radius is R . The force in dynes cm 

R2 F = A P v k T t  
r 

(4 - 3 )  

where 

1: = - distance from the evaporating surface 

Tbe energy imparted is equal to the energy gained: 

1 2  J i F d r  = - m v  
2 .  

where 

m = m a s s  of test particle fg) 

v = velocity of particle (cm/aec) 

. *  This yields 

v =  

Let 

-4 2 
A = 7.8X10 c m  (4-mil particle) 

I 

T = 300°K 

(4-4) 

(4-5) 

4-3 



e 

* 

R = 4 meters 

m = 3x10 gr (4-mil steel  particle) - 5  

This yields a velocity of 

v = 2.9 cm/sec (4-6) 
I 

Further investigation of the effect of purposely coating the lander with a layer 

of high vapor pressure material~to prevent drifting particles from attaching to 

e eurbace is recommended, 

4-4 



SECTION 5 

RECONTA MINA TI0.N MECHANISMS 

Six different effects a r e  described in this section which can potentially play a 

role in transporting biologically active material to the lander during and after 

biobarrier removal. 

5.1 ELECTROSTATIC EFFECTS 

In Reference 3 an estimate of the effect of electrical forces was carried out and 

i t  w a s  concluded that the effect was too small to cause deorbiting of particles. 

It was also concluded that af ter  the lander is exposed to the space environment 

and remains electrically connected to the bus there a r e  negligible electrical 

effects which could .directly transport particles to the lander from other parts 

acecraft, Thia conclusion i e  supported by the study documented in 

this report, However, during the early phases of biobarrier and lander separ- 

ation there is the possibility (depending on the importance of the photo-electric 

effect in charging the vehicles and the orieneation of the vehicle with respect to 

the a m )  that the biobarrier or the lander can become charged opposite to the 

bus. 

the vehicle at the moment of biobarrier separation. If the orientation of the 

vehicle is such that sunlight falls unevenly on the two separated parts; e.&, 

if the biobarrier is in the shade, then i t  is possible for the two separating parts 

to be oppoeritely ckarged. The same effect can occur when the lander is separ- 

ated (Figure 5-2). 

Figure  5-1 showe the relationship of the biobarrier to the other parts of 

The rate of charging a t  the instant of separation is sufficiently 

ef. 3) that is is possible to rapidly charge the part in  the shade to a nega- 

a1 due to differential collision rates of ions and electrons while the 

art in the sun remains positively charged. . 

, t  
imum reasonable potentid difference which i expected is about 20 v0l0 

is potential can be dropped across  a gap of a few centimeters and can give 

lectr ic  field much higher than those surrounding the vehicle when 

occurring. For  example, n electric field of about 20 / .  10 = 

5 - 1  
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Figure 5-3. Reflection of Attitude Control Gas from thc Diabarrie-r. 
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200 volts/meter can occur ac ro i s  a IO-cm gap i f  flat plate geometry is 

assumed. Because the surfaces which are separating are irregular and may 

have high curvature, the fields developed could be a few orders of magnitude 

higher, say about 10 volts/meter. 
4 

The force on the test particle of Reference 3 is given by 

F = QE newtons 

where 

E = electric field strength (volts/meter) 

Q = charge on particle (coulombs) 

/ e  

e following gable shows the range of the value of this force in pounds for upper 
I 

and lower limits of field strength and charge on the test particle. 

Table 5-1. Force on a charged particle in pounds 

-9  2 
A force of 10 

4-mil steel test particle 

to the lander under the i 

lbs will result in an acceleration of about 15 cm/sec  for the 

ken the biobatrier separates, particles can move 

nce of the electric field between the lbiobarrier 

irnilarly, when the lander eparates, rn terial  can move from 

ri le parts of the bus to the lander under the influence of the electric 

field between the lander and the bus. 

5- 5 
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To aid in avoiding the possibility that the separating bodies can produce fields 

ich recontaminate the lander the following can be investigated: 

a, Allow as  large a separation distance between the lander and the 
unsterile parts of the bus a s  is  practical during separation of the 
lander. 

6. Prevent different signs of charge on the separating parts by allow- 
ing sunlight to shine on each during separation. 

I 

I 

C. Connect e separating parts by a wire until they are separated by . 

a meter br  two to prevent the occurrence of high electric fields. 
+ 

d. e p r a t e  biobarrier and lander as rapidly as possible consistent i 
with other system requirements, 

NTWOL GAS 

ttitude C Q R ~ ~ Q ~  by reaction can be a source of recon 

one of the followin 

trol gas sweeps particles from the bus surfaces 
rn on the lander. Tkis can be a source of recon- 

minotion even i f  the attitude control gas is sterile. 

b. The gas is not s ter i le  and particlea can turn around corners to 
impact the lander, 

C. e gas is not ster i le  and reflects from the inner side of the bio- 
barr ie r  during ita separation.. 

son to believe (Ref. 4) that when the je ts  have expanded to a point 

de-exi t  diameters downstream, the gas does not have the capa- 

acroscopic par d e s  around the corners of surfaces to impact 

o urfaca. ow itself is not likely to turn and any particles 

8 likely to be turned by it. 

5-6 
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The gas can reflect from the inner part of the bivbarricr i f  there is a line-of- 

sight path (including reflection) from thc nozzle to the lander. This i s  a 

potentially important kind of recontamination mechanism , particularly if the 

biobarrier separates slightly unsymmetrically about the axis of the spacecraft. 

_ -  
The reaction on the remainder of the vehicle is in a dircction to cause the 

firing of the je t  most likely to recor.taminate the lander by reflection. 

is illustrated in  Figure 5-3 where the configuration is shown during biobarrier 

separation for two different types of spacecraft configuration. 

This 

It is recommended, in  addition to a requirement for no line-of-sight path to 

the lander, that no paths which include reflection from the biobarrier be 

allowed. This additional requirement can be too restrictive under some con- 

robably should be limited to a time while the biobarrier is within 

e *  a specified distance of the spacecraft. I 
5.3 RANDOM WALK O F  MATERIAL 

After the biobarrier is opened the lander is exposed to the movement of par- 

clas along the surface of the spacecraft from the unsterile parts of the vehicle 

to the lander. The problem can be approached by considering the particles to 

move in  a random walk from the unsterile parts across a region of steri le 

surface (within the biobariier before i t  separates) to the lander. The fre- 

quency of steps can be taken as that caused by  small meteoroids OP dust (see 

P a r t  5.4) impacting the spacecraft or to the frequency of vibration due to the 

iring of the altitude control jete, orbit insertion or orbit tr im motors. It 

o possible that the vibration of the magnetometer boom or  other structures 

be a source of excitation of the particles. 
* .  

1 random walk of a set of patticl  

ionship of a r ndom walk of particlee to diff 
( 

‘.A 

t 5-7 
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used. 'In Reference 5 i t  is shown that the probability that a'particle is between 

x and x atarting a t  x = 0 a t  time t,, irr 
0 1 

- 

YO 
where 

? 

= (xl - 2ct)/&55 

The quasntity c is called the drift. It will be taken as zero here. However, 

we have reason to believe that the random walk will  by unsymmetrical when 

it ineertion and orbit t r im motors a r e  burning because of the accelera- 

tion ~ m ~ a ~ ~ ~ ~  to e vehicle which may not be shared by the particles. This 
) 
2 effect ie generally to move particles away from the lander. The quantity D 

C 

sion coefficient in  continuous movement and is given 

. by, 

where 

Ax = step size of the particles 

A t  = time required for each etep 

epende on the degree of excitation of the surface, 

an be taken equal to the period of the vibration. 

The time 

For example, 

* 
I fop a f ~ ~ ~ u ~ ~ ~ ~  of 50 cp iae of 0.1 cm, the quantity D is 0.5 

2 -1 c m  P B ~ C  . For a frequency of 1000 cps and a step size of 0.01 cm, 

5-8 



1 , 2 - 1  
D = 0.1 cm sec . As the frequency increases i t  i s  cxpccted that the step 

size wi l l  decrease because the excitation is less  a t  higher frequency. There 

is, therefore, a range of reasonable values of D which probably extends 

from 10 to 10 . It is possible to evaluate the quantity P whcn D varies 

over this -range. The length is the controlling variable. When i t  is 

small  compared with the dimensions of the bus, the probability of recontami- 

nating the lander is small. 

the probability of contamination is large. 

L P 2 meters. Over the range of values of D, given above for times of 1 

to 10 seconds, values can be constructed of the ratio L / d z  as  shown in 

the following table. 

- 2  2 

When it is large compared to bus linear dimension@, 

An estimate of bus size is about 

6 

Table 5-2. Values of Ll- for several times and 
diffusion coefficient values. 

,’ 

Diffusion 
Coefficient 

(cm eec-l)  2 

lo-* 

1.0 

1.0 

1.0 

1.0 

1414 

141 

14.1 

1.4 

141 

14.1 

1.4 

. 14, 

14,l 

1.4 

s 14 

.Q14 

4 
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2 

cps or to 1 cm a t  100 cps. 

A diffusion coefficient of 10 

10 

therefore a value of D = 10 i e  unlikely. 

small  for L/@ >> 1 . 
is, however, approximately the product of P and the number of viable 

organisms on the bus surface. The quantity P can be very small but the 

product can be of appreciable riize. When x o / m  is large the integral can 

be expressed as follows: 

would correspond to a step eize of 0 ,  1 cm a t  

Both of these combinations a r e  unlikely and 

The value of P can become very 

4 

2 

The number of viable organisms moving to the lander 

. 

I (5-4) 
2 - 1  

Consider the case where B = 1 cm see (0.1 cm steps a t  100 cps) and the 

e r  of viable organisms on the lander is T .  We take the value of 

as a charac- 
1 -xo racterist ic len th of the bugl (say 200 cm) and x 

th of the lander (say 200 cm). The number of viable organisms 

each the lander in time t is given approxim 

(5 -  5 )  
8 

If t = 100 sec. P”- 2X10°8 requiring that T be of the order of 10 

tecontamination can occur in  a period of 100 sec. 

before 

- . .-  

A ons-dimensional ion process i a  sufficient for our purposes here, although 

#on should i 

articles into 

ffusion in  direc- 

~. 
. _ .  

. .  .. . . 
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An important condition which can not bc taken into account now i s  the roughness 

of the surface over which the particles a r c  moving. It i s  expected that thie can 

only be investigated by an experimental pragram. 
.. . 

5.4 EFFECT OF METEOROIDS A N D  DUST . 
Meteoroids a n d  dust have two principal effects on the recontamination processes. 

Impacts of these particles can kill biological material on the surface of the bus 

c 

during the time previous to biobarrier removal. 

material to the cloud around the spacecraft which may be acted upon by other 

forces to move i t  to the lander. 

They can also contribute 

- . .  - .  - 
In the case where material is kicked off i t  

may remain viable. 

sions of the crater  formed by the high-speed particle i t  w i l l  probably be killed. 

The magnitude of the kick-off effects can be estimated using the data obtained 

from Ahriner XV (Ref. 6). 
impulse above about 6x10 dyne sec on an area  of 3.5X10 m The size of 

To esti- 

If the biological material is originally within the dimen- 

- ”_ .  - 
’3 There were 215 impacts during the mission with 

- 5  -2  2 

coming particles varied from 1 to 100 microns in diameter. 

mate the number of particles kicked off, w e  assume that the area of the crater 

l ip  is the same order  of magnitude a s  the area of the incoming particle. If the 

particle is 108 microns iq diametez the total area over which particles w i l l  be 
-6 2 kicked off is ~ j r  1 o o E 1 0 - 6 ) ~ ~  ~ = 1.7X10 m on the Mariner PV area of 

L c. J - 2  2 
m 3.5X10 This is about 5x10°5 of the area exposed. If there a r e  about 

5 2 2 10 

1.5X10 

viable organisms per f t  and a total area of about 3000 ft , then about 
4 

viable organisms wil l  be kicked off. Only a small fraction of these 

ill Temain in the cloud and be available to move to the lander. 

5 . 5  ORBIT INS WTIQN AND TRIM OTOW BURN 

Material in the nozzle boundary laye; may be turned back in a direction oppo- 

site to the main flow of the jets. 

or i t  may attach to the surface of the vehicle and move to the lander by the 

I t  may enter the cloud around the spacecraft 

diffusion mechanism discus ed in  Part 5.3. 

of the nozzle gas which f lows in the boundary layer of either the orbit insertion 

To estimate the fractional part 

.- . 



- .  
. a  . 

P 

or the tr im motor, assume that the boundary layer i e  approximately one per- 

cant of the sunning length of the nozzle, 

given by the exprerclsion 

The male flow rate in the boundary 

= PBL(0. 01 4 )  VBL c ( 5 - 6 )  %3L ~ _ _  ~- 

where 

= average density in the nozzle boundary layer at the exit plane 43L 
4.4 = nozzle running length 

ge velocity in  the boundary layer  at the exit plane 

c = circumference of the nozzle in the exit plane 

The to 

8 

A v  
8 6  

verage density of main flow a$ the exit plane 
# 

= 

= 

a r e a  of nozzle a t  exit plane 

average velocity of main flow a t  the exit plane v 
e 

roctioml flow ob boundary layer gas is 
. <  

. .  

0 = 0.01 
G - 
e 

A 
BL 

e 

V 
__I_ 

V 



Since the boundary layer gas has a lower temperature and is at  the same pres- 

sure a s  the main flow, its density wil l  be higher, probably by about a factor of 

two, The ratio C/A is equal to 2 / r  where r is the radius  of the nozzle 

at the exit plane, The average boundary layer gas velocity is lower, by about 

a factor of four. 

e 

The fractional flow wi l l  then be given approximately by 

%L - = 0.01 .tlr (5 -9 )  

. 
The quantity t / r  wil l  be about 1. 5 to 3 so that about 1.5 to 3 percent of the 

propellant can flow in  the boundary layer .  

accurate for  the purpose here, but can be greatly improved by more thorough 

analysis. 

smaller part  can enter the cloud around the vehicle. 

This estimate is sufficiently 

The major part of this flow can impact the space vehicle or a 
i 

4 

. 5.6 EFFECT O F  P R E  URIZED GAS IN BIOBARRIER 

At the moment of initial separatiofi of the biobarrier from the remainder of 

the vehicle there is the possibility that pressurized gas around the lander can 

cauee recontamination. A s  the gas leaves the container at the separation 

point its density may remain sufficiently high to set  up a turbulent, chaotic 

flow which m a y  have the effect of entraining the material in the cloud around 

the vehicle and causing i t  to attach to the lander. 

could cause a sweeping of the unsterile surfaces of the bus near the separation 

plane and move material to the lander. 

vented before the biobarrier is opened. 

Similar flow configurations 

It is recommended that the gas be 
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SECTION 6 
I =  

B%SCUSSIBPI OF THE PROBABILITY OF 
RECONTAMNATION OF LANDER 

Each of the mechanisms considered in this report contributes to the probability 

of recontamination of the lander. It is recognized that the estimates made here  

a r e  firet-order calculations and can orily serve to indicate the approximate 

relative magnitude of the different effects in moving viable material to the 

lander. 

tion ob the number of viable organisms on the lander a t  the time i t  enters the 

atmosphere of Mars after a given separation sequence. A possible approach 

to the determination ob this distribution is to perform more refined estimates 

of the effect of each mechanism and combine these probabilistically. 

It is not possible at the present time to derive the probability distribu- 

Same 

ectecl; that is, the movement of material wi l l  occur over a 

will  be continuous in time and will depend very akort period of time. 0 
L '  

eriod of time the lander is unprotected. A t  this time the biological 

en on and in the pacecraft is not known and i t  ie not possible to car ry  

out the calculations. It is poesible, however, to rank the importance of the 
9 .  

ects in an approximate way. 

Although the evaporative effects considered in Section 4 a r e  not expected to 

cause ~ ~ c o n t a ~ i n a ~ i o n  directly, 'they result in sufficiently large forces (com- 

pared to electrical forces, for example) to place them first in the ranking. 

e r  of importance are the electrical forces which may occur if the 

separating bodies become oppositely charged. If the bodies do not become 

arged there is no reason to believe that electrical effects play 

role in the recontamination of the lander. The attitude control 

ext in importance if there a r e  line-of-sight paths from the 0102- 

der which include reflection from the biobarrier during separation. 
b 

! 
not possible, the effect of the attitude control gas jets is of 

considerably les importance because it is not likely that the gases will  be 
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turned around corners of surfaces on the bus. 

is not possible for macroscopic particles carrying viable organisms to bc 

turned and move to the lander. 

is to introduce material into the cloud around the spaccqraft by a kick-off 

mechanism. This can result in release into space of about 10 of the average 

number of viable organisms on the surface during the flight. 

burning of the orbit insertion and trim motors is to introduce material onto 

If thc gas itsclf'doce not turn i t  

The effect of dust, based on Mariner I V  data, 

- 5  

The effect of 

the spacecraft o r  into the cloud around it. 

percent of the propellant can move opposite to the main flow. Of least  impor- 

tance is the effect of turbulent flow of any gas which is used as a presaurizing 

gaa within the biobarrier. 

I t< is  estimated tbat about one 

In Figure 6-1 eaveral potentially impor ne recontamination mechanisms are 

illustrated. 
/ 
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Figure 6-  1 illustrating Scvcral Potcntially Important Landcr 
Recontamination Mcchani 8ms 



SECTION 7 

IONS AND RECOMMENDATIONS 

7.1 RESU-LTS AND CONCLUSIONS 

- .  

1. The order  of importance of the effects considered in this report is a s  
follows: 

Evaporative streaming 

Electrical forces at separation of biobarrier and lander 

Attitude control gas, particularly reflection from the inside of the 
biobarrier in  conjunction with biobarrier removal 

Random walk of macroscopic particles carrying viable organisms 
over the spacecraft surface (due to spacecraft vibration) 

Met eo r oid effects (kick - off) 
Attitude control gas: turning of macroscopic particles around 
surface edges 

Orbit insertion and trim motor burning causing particles to move 
opposite to the main flow 

Pressurized gas in the biobarrier 
. 

2. The study has shown that the requirement of no line-of-sight path from 
the lander 
well ,  that no reflections from the biobarrier can re su l t  in line-of-sight 
paths. 
f rom the bus. 

any unsterile part of the spacecraft should include, a s  

This favors a biobarrier which opens and shields the lander 

3. Atomic and molecular clouds of material evaporated from the surfaces 
of the lander are  an important environmental factor in the assessment 
of the ability of macroscopic particles to attach to the lander. 

' 

lectrical  forces are most important as a recontamination mechanism 
during the early phases of separation of the biobarrier and of the lander. 

No electrical mechanism has been identified which acts  to contaminate 
the lander during the period from after biobarrier separa&ion until the 
lander begin 

5. . 



F 

6.  

7. 

a. 

9. 

10. 

11. 

Asymmetrical removal of the biobarriei 'and the simultaneous firing of 
a n  attitude control gas jet  (which the tip-off tarque cauBcs) is an impor- 
tan potential r econtarnina tion mechanism. 

Baaed on preliminary information, after the biobarrier i s  opened the 
turning of macroscopic material in je t  plumes around surface edges 
wi l l  not occur after the flow move8 about ten nozzle-exit diameters 
from the nozzle. 

Movement of material 0vi-r the surface of the spacecraft i n  which macro- 
scopic particles leave and return to the surface will be influenced by the 
evaporative effect of surface materials with high vapor pressure or high 
rates of decomposition. 

The effect of meteoroids is to reduce the number of viable organisms 
on the surface and to introduce some of them into the cloud of particles 
around the spacecraft, 

Meet of th; material in the boundary layer and a very small amount of 
material in the free-stream flow of the orbit insertion and trim motors 
can move in the direction opposite to the main flow and impinge on the ' 
spacecraft. 
turn macroscopic particles around a surface to contact the lander. 

Because of the low density of this %low i t  w i l l  be unlikely to 

Pressurized gas within the biobarrier can, a t  the moment of biobarrier 
separation, be a potential recontamination mechanism. 

co NDA TIONS 
.I). 

7.2 
. r  

1. No line-of-sight paths, including reflection from the steri le inner part 
of the biobarrier during its separation, should be allowed from any 
unsterile part of the bus to the lander. 

Further study of the effect of evaporative streaming from materials to 
inhibit attachment of macroscopic particles to the lander should be 
carried out. This should include an evaluation of the utility and prac- 
ticality of purposely introducing material on the lander or inside the 
biobarrier to enhance the streaming of atoms or molecules away from 
the lander. 

2. 

in the space environment to turn macro- 
face edges should be carried out to confirm 

the preliminary conclusion that this does not occur. 
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4. A study of thc flow of boundary layer material from thc orbit inaer- 
tion and trim motors i n  a direction opposite to the main flow shotrld 
be conducted. 

* 5 .  If pressurized gas  within the biobarrier i s  a requiremcnt it should be 
vented before separation of the biobarrier occurs. 

6.  A system analysis of the recontamination probability of each candi- 
date separation sequence should be carried out after more definitive 
analysis has  established the probability distribution of recontamination 
caused by each mechanism within a sequence, 
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SECTION 8 - APPENDIX 
BASXC DATA O N  ATOMIC AND MOLECULAR 

C L O U D S  AROUND SPACECRAFT 

ORATIVE RATES OF INORGANIC E L E M E N T S  

There is considerable data and reasonably accurate theory available for inor- 

ganic evaporative rates  based on Langmuir’s (Ref. 7’) original work. This 
eubject was reviewed recently.by Jaffee (Ref. 8) from which much of the data 

shown here has been taken. 
i 

The evaporation or sublimation of the elements can be estimated from the 

muair e on which can be ewpreeeed in three different forms. 

- PV - 17.14 

2 = rate of mass loss (g/cm sec) 

- - or pressure of inorganic material (mm Hg) 

4 

, 

PV 

npera ture  of outer urface of material (OK) 

ar weight of material (g) 

rate of 

ensi 

NA 3(1022) M (‘8 - 3) 
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0 2 N = number of molcculetp leaving (number/cm sec) 

23 = Avagadro's number ( 6 . 0 2  X 10 ) NA 

For a Boltamann distribution the average velocity (nearly the sonic velocity) ._ - 

a t  which the particles leave the surface is 

The approximate average number density of particles around the body under 

equilibrium conditions for flat plats geometry can be found from 

= w  

- 3  
c m  18 'v = Q.14(10 ) -  f i  (8-5) . 

ince p increaeee very rapidly with temperature, the density of the vapor 

wn that the vapor density can a100 be 
V 

increaees with T. It can be easily s 

= 1.05 (10l8) S p / a  
O I r  

ome typical values of &e&peraturee at which sublimation rate are of a given 

value are shown in  Table 8-1 ken from Reference 9. 

Vapor prerasure information is given in Figure 9-1. 



I -  

i a %ablele e ublimation of mctale and semiconductors in high vacuum 

Cd 
Se 
Zn 

Te 
Li 
Sb 
Bi 
P b  
]In 

Mg 

a1 
Be 
cu 
Au 
G e  
Cr 
F e  
Si 
Ni 
Pd 
GO 
Ti 
V 

B 
Z r  
l[P 
MO 
C= 
Ta 
We 

Temperature a$ which sublimation rate is 

loo5  c p / y r  
(1000 A/yr)  

O C  

40 
50 
70 

110 
130 
150 
21 0 

- 270 
400 

50 
480 
5 50 
558 
620 
630 
660 
660 
750 
770 
790 
800 
810 
820 
920 

1020 
1140 
1160 
1230 
1 280 
1300 
1380 
1530 
P 780 
1820 
1880 

b t  

100 
120 
160 
230 
26 0 
300 
410 
470 
510 
76 0 
8 40 
890 

1020 
1020 
1140 
1160 
1220 
122c 
1380 
1420 
1450 
1480 
1490 
1500 
1690 
1870 
2080 
2120 
2240 
2 340 
2380 
2520 
2780 

loo3 cm/yr 
(0.0004 in. /yr) 

.* c 

80 
80 ' 

130 
170 
180 
210 
270 
320 
330 
500 
54 0 
590 
660 
480 
700 
76 0 
800 
800 
$40 
900 
920 
940 
940 
950 

1070 
1180 
1330 
1340 
1420 
1500 
1500 
1630 
1680 
2050 
2050 
2150 

OF 

170 
180 
260 
340 
350 
410 
520 
600 
630 
940 

1010 
1090 
1220 
1260 
1300 
1400 
1480 
1480 
1600 
1650 
1690 
1720 
1720 
1740 
1940 
2150 
2420 
2440 
2580 
2740 
2740 
2960 

3700 
3700 
3900 

3050- 

a ed on vapor-pressure data of Ref. 10. 

10-l cm/yr  . 

(0.040 in,/yr) 

OC 

120 
120 
180 
240 
220 
280 
300 
40 0 
430 
610 
650 
70 0 
800 
810 
840 
900 
950 
950 

1000 
1050 
1080 
1090 
1100 

1250 
1350 
1540 
1560 
1640 
1740 
1740 
1900 
1880 
2300 
2300 
2500 

,1100 

OF 

250 
240 
3 50 
470. 
43h 
530 
570 
750 
800 

1130 
1200 
1300 
1480 
1490 
i 540 
1650 
1750 
1750 
1840 
1920 
1970 
2000 
2020 
2020 
2280 
246 0 
2800 
2840 
2980 
3150 
3150 
3450 
3400 
4200 
4200 
4500 

. 

Melting point 

*C 

320 
220 
420 
650 
450 
180 
630 
270 
330 
160 

1240 
96 0 
230 
44 0 

1280 
1080 
1060 
940 

1880 
1540 
1410 
1450 
1550 
1500 
1670 
1900 
1970 
1770 
2030 
1850 
2450 
2610 
3700 
3000 
3200 
3400 

OF 

610 
420 
790 

1200 
840 
360 

1170 
520 
620 
310 

2270 
1760 
450 

1220 
2330 
1980 
1940 
1720 
3410 
2800 
2570 
2650 
2830 
2720 
3040 
3450 
3 570 
3220 
3700 
3360 
4450 
4730 
4700 
5400 
5800 
6200 

Ga~aeou5  molecule^ taken as monatomic, except Se, Te, Sb, Bi b 
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Figure 8-1. Vapor-pressure data. 

Some values of vapor density for the flat plate geometry are  given in Table 8-2. 

Table 8-2. Vapor pressure and density for selected elements. 

i 

Element 

Mg (MP 900OK) 

Mg 
A1 (MP 658°K) 
Al 

A1 

Ti 

Ti 

cs 
F e  (MP 2000°K) 

(MP 3700OK) 

Zn 

Temperature 
(" K) 

1000 

490 

900 

600 

300 

580 

300 

300 

1500 

2600 

300 

V 

A .  97( loA8) 
1 1  

2.79(  10 ) 

2.06( 10") 
4 

-2(10 ) * 

- 2  
10 

5 

11 

15 

3 . 6 ~ 1 0  

-33x10 

7.2x10 

1.28(10 ) 

1. 2(lO'O) 
7 - 2x10 

a-4  



i, 

i 

. .  

e value of vapor density depends seneitively on the temperature; e,g,, 

doubling of the temperature of Magnesium increase8 the vapor deneity by 

seven ordere of magnitude. 

a 

8.2 EVAPORATION RATES OF INORGANIC COMPONENTS 
"he rate of evaporation of inorganic compounds is more complex because loss 

of material can occur by several mechanisms. 

appropriate for the sublimation mechanism i f  vapor pressure data is available. 

The compounds can pndergo decomposition in  which one of the products is 

volatile. 

wi%h protective layers or layers to adjust emissivity and solar absorptivity. 

The Langmuir equation is 

This is potbntially important because many of thpu bodies a r e  coated 

da could be organic however (see below). 

free 'energy values ob the reaction 

For example, in  the reaction 

The usual approach 

e value of the equilibrium 

K = ps2 

If K i s h 0  , the decomposition pressure can be computed and used in  the 

uir equation to find loss rate. In the example above, the rate of loss of 

%imes greater than it would be i f  decomposition did not occur. 6 rial is 110 

must not be con idered a typical case,  however. Some examples are 

iven in Table 9-3. 

. .  
ity for this set of inorganic compounds is hi 

nt temperatures. 
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. I. 

1 
i Tablc 8-3 ,  Sublimation of some inorganic 

compounds in  high vacuutn 

*Assuming no decombosition; 
i f  decomposition OCCUFB as in  
large. 

mal value may be two to three times higher 
case of MoS2 w h e ~ e  py will be Owice as 

9 . 3  ORGANIC COMPOUNDS 
Some organic cornpounds will obey the 

l a d y  true of the lower molecular weight oils. 

phenolic degrade by breaking into fragments of variable molecular weight. 

The equilibrium decomposition pressure is not known for many of the poly- 

ngmuir equations. This is particu- 

Compounds such a s  teflon and 

ounds. For these reasons the higher molecular weight molecules 

wil l  not obey the Langmuir equation and empirical weight loes  information 

must be used. Long-chain polymeric compounds lose material from within as 

we 1 8 8  Prom the face. At least up to icknessea of one or  two millimeters 

ample and experimen 
c . 
;.' 



Table 8-4. Decomposition of polyonere in high vacuum 

Nylon 

_. - _ _ -  - -  - POXY 

Urethane 

Vinyl bueyral 

Vinyl chloride , 
Linseed oil 

Neoprene (chloroprene) 

ethyl. methacrylate 

olyethylene (high density) 

yl phenyI silicone resin 

Temperature for 10% Weight Loerr 
in Vacuum ("c) Per  Year 

30 .. 210 

40 - 240 
70 - 150 

80 

90 

90 

90 

roo - 200 
120 

130 - 220 

130 .. 270 
190 

190 - 240 - 
190 

190 

190 

200 

240 - 280 

250 

290 

380 

> 380 

d give a vapor nu 



obtained f m m  

where 

P =  

and aleo 

- 
V 

V 

-. 0.1pN~ 
M vVN 

- 

density of solid 

(8 - 9 )  

- 3  material (g cm ) 

Avagadro's number 

molecular weight of monomer (= 83) 

4 average velocity of vapor (-10 cm/sec) 

number of secoade/year (3.15(10 )) 
7 

(8-10) 

9.4 SPUTTE INC OF SURFACES 

The amount of surface sputtering w i l l  depend OR the kind of surface, but otder-  

of-magnitude estimates can be made s f  the rate at which particles will be 
16 it removed from the surface. The spacecraft will  strike about 10 atoms/cm 

sec at an energy of 4 to 5 cv (Ref. 9). Sputtering efficiency is not well known 

but are of the order  of 10 ; thus about 10 atoms/cm sec would be 

removed from the surface. 

-10 6 2 

This amount of material, or even several orders 

of magnitude increase. would not contribute significantly to the vapor dehsity 

already found from sublimation or decomposition. 

LECTWIC EFFECT DUE TO SOLAR SOURCE 

tlb integration over the solar spectrum quantum yield product at the earth's 

orbit indicates that an upper limit to the photoelectric emission current den- 
a 

9 2 
about A0 electron Icm sec (Ref. 11). The electrons will leave the 

ody with about an electron volt's energy and have a velocity on the order of 



5 
j LO cm/sec. The maximum concentration of electrone due to this effect will 

4 3 be about lQ9/105 = 10 electrans/cm 

because the charge on the body will normally be negative 1 to 10 volts due to 

differential callieion of ions and electron$. Photoelectrons wi l l  fall through 

This is probably a maximum value 
1 

1' 

tkia potential in  one or two Debye lengths and be accelerated to eeveral elec- 

tron volts, increasing further their velocity and reducing their concentration. 

ING OF MATERLALS 

Metals a r e  known 80 contain dissolved gases, absorbed layers, pockets of 

gas within interstiiiale, and compounds composed of the xpetals I. and dissolved 

gas. The rate of evolution ie not well known, although borne data is available 

total amount relecsed on outgabsing at high temperatures (Ref. 12). 

table includes some i rrnation on &e rate of outgaersin 

. 
Table 8-5. Outgaesing rate of several  metals. 

Iron 

3 

er cm ofmeta l  

c m  of gas at S. T. P, 
3 

0. 1 e0 0. 5 

0.04 to 0.7 

0.09 e0 0.9 

0.4 to 40 

150 to 200 

. +  

er limit for the vapor density due to outgassing consider steel 

to outgae at a uniform ra te  over a 1Q-minute period from a 0. I-cm 

e gas to be molecd rogen. The amount of mate- 
3 3 

en as %QQ c m  per c m  of steel. The 4. 

t 
d' 4 = -  .Q0894 and umber of molecules is a 3 
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11 - 3  
number density of 10 cm could occur. This i s  an uppcr limit since a high 

temperature is required to bake out matcriale in a few days and steel (used a8 

an example here) i s  particularly high in outgaseed material content. Xt would 

appear that thig mechanism of obtaining a cloud of material around the body is 

lea8 important than evaporation or decomposition. 

' i 
, 

i 

, 
k 

1 

Q 

P 

. 
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